
 

 

LAWS OF CAUTION 

 

The Laws of Caution in parallel computing help us understand the 

limitations and challenges we face when trying to speed up tasks 

by using multiple processors at the same time. While the idea of 

using more processors sounds like a perfect way to make things 

faster, the reality is more complicated. These laws explain why 

we can't always expect a straight-line improvement in 

performance when we add more processors. 

1. Understanding Speedup 

Before diving into the laws, let's quickly explain speedup: 

• Speedup is the improvement in performance we get when 

using multiple processors compared to using just one. 

Ideally, if we double the number of processors, we’d hope 

the task would get done twice as fast. But in real life, this 

isn't always the case. 

2. Why Speedup Isn’t Perfect 



 

 

When we add more processors to work on a problem, several 

factors come into play that can slow down the system. The laws 

of caution help us understand why adding more processors 

doesn’t always give us the big speed boost we expect. 

 

Law #1: Diminishing Returns (Amdahl’s Law) 

 

One of the most famous laws in parallel computing is Amdahl’s 

Law. It explains why increasing the number of processors doesn’t 

result in proportional speedup. 

a. What Amdahl’s Law Says: 

• Every task we want to run in parallel has some parts 

that must be done sequentially (one after another) 

and cannot be parallelized. No matter how many processors 

you add, these sequential parts will still take the same 

amount of time. 

• The more sequential parts a task has, the less benefit you get 

from adding more processors. 

b. Example: 



 

 

Imagine you’re baking a cake. You can have 10 chefs working 

together, but some parts, like baking the cake in the oven, can 

only be done by one chef at a time (the sequential part). No matter 

how many chefs you have, the cake will still take 30 minutes to 

bake. So, while you might speed up some steps (like mixing 

ingredients), you’re still limited by the baking time. 

c. Key Takeaway: 

The speedup you get from adding more processors depends on 

how much of the task can be done in parallel. If only 50% of the 

task can be parallelized, even with an infinite number of 

processors, you can only get at most double the speed (2x). 

 

Law #2: Communication Overhead 

 

When multiple processors work together, they need 

to communicate with each other. This communication takes time 

and can slow down the overall performance. 

a. What Communication Overhead Means: 



 

 

• When processors need to share information (like results or 

data), they must send messages or access shared memory. 

This back-and-forth communication takes time, and as more 

processors are added, the communication time increases. 

• More processors means more chances for bottlenecks or 

delays, as they wait for information from each other. 

b. Example: 

Imagine a group of people building a large puzzle together. Each 

person works on a piece of the puzzle, but they need to talk to 

each other to see how their pieces fit together. If you only have 

two or three people, they can communicate quickly. But if you 

have 20 people, it becomes chaotic—everyone is trying to talk to 

everyone else, and that slows things down. 

c. Key Takeaway: 

Even though more processors should theoretically speed things 

up, too much communication between them can slow the process 

down. This is why the benefit of adding more processors 

eventually diminishes. 

 



 

 

Law #3: Memory Bottlenecks 

 

In parallel computing, processors often need to access the same 

memory. If too many processors are trying to access memory at 

the same time, they can slow each other down. 

a. What Memory Bottlenecks Mean: 

• Many parallel systems use shared memory, where all 

processors access the same memory space. If one processor 

is writing data while another is reading, they might have to 

wait for each other. 

• As you add more processors, the competition for memory 

access increases, and processors end up waiting more often. 

b. Example: 

Imagine several people trying to access the same document on a 

computer. Only one person can open the document and make 

changes at a time, so others have to wait. As more people try to 

open the document, the waiting time gets longer and longer. 

c. Key Takeaway: 



 

 

If too many processors are trying to access the same memory, they 

will start slowing each other down, and the system’s performance 

will hit a limit. 

 

Law #4: Synchronization Overhead 

 

In parallel computing, tasks must often be synchronized to ensure 

they’re working together properly. Synchronization can slow 

things down. 

a. What Synchronization Overhead Means: 

• Synchronization refers to processes waiting for each other to 

finish certain tasks before continuing. For example, one 

processor might need the result of another processor’s work 

before it can move on. 

• Barriers are used to make sure all processors are at the same 

point before moving forward. But waiting for slower 

processors at these barriers can create delays. 

b. Example: 



 

 

Imagine a group of students working on a school project. Each 

student has to finish their part before the group can move on to 

the next step. If one student is slower than the others, everyone 

has to wait for that person to catch up. 

c. Key Takeaway: 

If tasks need to wait for each other, faster processors can be held 

back by slower ones, which reduces the overall performance 

benefit of parallel computing. 

 

Law #5: Cost vs. Speed 

 

Another important consideration in parallel computing is the cost 

of adding more processors. The faster you want a system to be, 

the more expensive it becomes, and the benefits aren’t always 

worth the cost. 

a. What This Means: 

• Hardware Costs: Adding more processors or upgrading 

hardware becomes more expensive as you try to build faster 

systems. For example, doubling the number of processors 



 

 

might only give you a small speedup, but it could double or 

triple the cost. 

• Energy and Power Costs: More processors require more 

power and generate more heat, leading to higher energy 

costs. Cooling systems for large parallel systems can be 

expensive. 

b. Key Takeaway: 

While adding more processors can improve speed, it also 

increases the cost significantly. There’s a point where the cost of 

adding more processors outweighs the benefit in speed. 

 

Putting It All Together: Why Parallelism Has Limits 

 

• Diminishing Returns: You can’t keep getting faster and 

faster just by adding more processors because of the 

sequential parts of tasks (Amdahl’s Law). 

• Communication & Synchronization Delays: The more 

processors you add, the more time they spend 

communicating or waiting for each other. 



 

 

• Memory Bottlenecks: As more processors try to access the 

same memory, they start to slow each other down. 

• Cost vs. Benefit: Even though you can theoretically add 

more processors, the extra cost and energy usage might not 

be worth it for the small performance gains you get after a 

certain point. 

 

Conclusion 

 

The Laws of Caution in parallel computing remind us that while 

parallel systems can significantly speed up tasks, there are 

practical limits to how much speedup we can achieve. These 

limits arise from the need for communication, synchronization, 

and shared memory, as well as the increasing costs involved. In 

simple terms: just throwing more processors at a problem won’t 

always make it faster, and sometimes it can even make things 

worse if not managed properly! 

 


